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Abstract 
The process of selecting invertebrate-based candidate metrics for the German stream assess- 
ment system is described. The aim was to identify metrics indicating degradation types other 
than organic pollution and acidification ("general degradation"). For 18 out of 24 German 
stream types a data base of roughly 2,000 benthic invertebrate samples was generated; for 
each sample 79 metrics were calculated. Data on land use in the catchment were compiled 
for all sampling sites, together with data on hydromorphology formany sampling sites. Hy- 
dromorphological and land use parameters, which describe a clear gradient in the data sets 
were identified by Non-metric Multidimensional Scaling (NMS). Correlation analyses be- 
tween land use/hydromorphological parameters and metric results were calculated separate- 
ly for the individual stream types. Among those metrics best indicating catchment- and hy- 
dromorphological degradation in the majority of stream types are: proportion of 
Ephemeroptera, Plecoptera nd Trichoptera; proportion of Plecoptera (mainly suited for 
mountain streams); number of Plecoptera t xa; proportion of xenosaprobic taxa; proportion 
of epirhithral preferring taxa. Differences of metric correlations between stream types and 
between degradation types are discussed, leading to a list of candidate metrics for assessing 
German streams. 
Key words: Benthic invertebrates - tream assessment - Germany - land use - hydromor- 
phology - metrics 
Introduction 
Benthic invertebrates are the most frequently used or- 
ganisms for river bioassessment (DE PAUW & HAWKES 
1993; ROSENB~RG & RESH 1993). Usually, they are ap- 
plied to detect organic pollution, but they are principally 
suited to evaluate the impact of other stressors, such as 
acidification, toxic substances, hydromorphological 
degradation a d catchment land use, too. There is a clear 
relationship between organic pollution severity and the 
reaction of the community, which can be described with 
a variety of indices (e.g. SANDeq & HER~NG 2004). The 
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impact of other stressors, which are less frequently as- 
sessed with benthic invertebrates, i  more difficult to 
quantify. However, there is evidence for an impact of 
land use on different scales (HURYN et al. 2002; SPON- 
SELLER et al. 2001) and of hydromorphological features 
(LORENZ et al. 2004b; OFENB6CK et al. 2004). 
In Germany, river assessment has mainly been per- 
formed with a Saprobic System based on benthic inver- 
tebrates (DEV 1992), which has recently been updated 
to meet he demands of the EU Water Framework Direc- 
tive. However, to fully implement the Directive, assess- 
ment systems hould not solely be focussed on organic 
pollution but should regard the impact of other stressors, 
too. This is particularly important for Central Europe, 
where severe organic pollution has almost vanished in 
the last decades, but many streams are nevertheless in a 
poor condition, due to hydromorphological degradation 
or intense land use in the catchment. 
Previous attempts to assess Central European rivers 
in a more general way include the Multimetric Index IBI 
12 (B614MER et al. 2004a) and the German AQEM sys- 
tem (LORENZ et al. 2004b). Both systems prove that in- 
vertebrate-based assessment beyond the Saprobic Sys- 
tem is possible; nevertheless, the use of both systems i
restricted: IBI 12 does not discriminate between pollu- 
tion effects and other stressors, the German AQEM sys- 
tem covers only five out of 24 German stream types. 
Based on these experiences and the prepositions of 
the Water Framework Directive, we define the demands 
for the ideal Water Framework Directive compliant as- 
sessment system in Germany as follows: 
- The assessment system should be stream type-specif- 
ic using the German top down stream typology 
(PoTTCmSSER & SOMMERILAUSER 2004), which is 
widely accepted in applied water management. How- 
ever, stream types resembling each other in size and 
ecoregion should preferably be assessed with compa- 
rable systems. 
- The assessment system should be capable of distin- 
guishing between the impacts of different stressors, 
thus, be composed of different modules. A module to 
assess the impact of "organic pollution" already exists 
and is based on a stream type-specific Saprobic Sys- 
tem (ROLAUFFS et al. 2003). A module to assess the 
impact of "acidification" has recently been developed 
by BRAUKMANN & BISS (2004). A third module, 
named "general degradation", should cover the im- 
pact of other elevant stressors, uch as hydromorpho- 
logical degradation or intense land use in the catch- 
ment. Since the effects of these stressors are difficult 
to discriminate, they are combined to the module 
"general degradation". 
- The module "general degradation" should act on dif- 
ferent spatial scales and, thus, give information on both 
local degradation a d degradation f the catchment. 
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- The metrics used to assess a stream type should in 
total cover the different parameters defined by the 
Water Framework Directive (taxonomic composition, 
abundance, ratio of sensitive and insensitive taxa, di- 
versity) and should also give information on the func- 
tionality of the community. Thus, we aimed for a mul- 
timetric index covering at least one metric of four dif- 
ferent ypes, which we defined as "composition/abun- 
dance metrics", "richness/diversity metrics", "sensi- 
tivity/tolerance metrics" and "functional metrics". 
These demands, which cover both scientific require- 
ments and the needs of applied water management, 
formed the starting point of a project supported by the 
Federal Environment Agency of Germany ~. This paper 
describes the metric selection process within the pro- 
ject and is particularly focussed on the following ques- 
tions: 
-Wh ich  invertebrate-based metrics are reflecting 
degradation types other than organic pollution and 
acidification i the German stream types? 
- If these metrics can be defined: are they stream type- 
specific or generally applicable? 
The overall aim is to pre-select candidate metrics, 
which are suited to develop amultimetric ndex for Ger- 
man streams, which is further described by B6HMER et 
al. (2004b). Thus, the scope of this study is at the border- 
line between science and application, since a clear prod- 
uct is defined and several prepositions (e.g. stream 
types, exclusion of pollution relevant metrics) are form- 
ing the frame of this study and are not further ques- 
tioned. 
Methods 
This study is entirely based on benthic invertebrate data 
provided by various institutions (regional environment 
agencies, universities, research institutions). The data 
were stored in an Access database and several back- 
ground ata were recorded in a harmonised way for each 
sampling site: each site was assigned to a stream type, 
data on land use in the catchment were derived from 
CORINE land cover (Statistisches Bundesamt 1997), in- 
formation on hydromorphology were taken from 
databases ofthe Federal States and from the AQEM site 
protocol. 
1 Weiterentwicklung und Anpassung des nationalen Bewertungs- 
systems for Makrozoobenthos an neue internationale Vorgaben, 
sponsored by Umweltbundesamt, F6rderkennzeichen (UFOPLAN) 
202 24 223. 
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Stream typology 
Mainly for the purpose of the Water Framework Direc- 
tive the German streams have recently been classified 
into "stream types" (SCHMEDTJE et al. 2001; POTT- 
GIESSER & SOMMERHAUSER 2004). Stream types were 
mainly defined "top down", by using generally applica- 
ble abiotic criteria, such as ecoregion, stream size based 
on catchment area, altitude, and catchment geology. Al- 
though the definition has not been based on a large biot- 
ic data set from all regions, a type is supposed to cover 
biota with a limited variability. Previous investigations 
(lowlands: SOMMERH)~USER & SCHUHMACHER 2003; 
Northrhine-Westphalia: LUA 1999, 2001; entire Ger- 
many: BRAUKMANN 1997) support his hypothesis. Fur- 
thermore, a recent esting of the "top down" stream ty- 
pology indicated ifferent benthic invertebrate commu- 
nities in most of the individual stream types (LORENZ et 
al. 2004a). Thus, in this study we used the top down de- 
fined stream types as units, for which assessment sys- 
tems should be developed. 
This study covers 18 of the 24 German stream types 
(Table 1). Large rivers (stream types 10 and 20 accord- 
ing to POTTGmSSER & SOMMERHAUSER 2004) are not in- 
cluded, since an assessment system is already existing, 
which will continued to be used (SCHOLL & HAYBACH 
2001). For stream types 18,21,22 and 23 the data source 
available was insufficient, hus, they were neglected. 
The individual sampling sites, for which data on ben- 
thic invertebrates were available, were each assigned to 
a stream type. This was done by projecting the sampling 
site's coordinates onto a map of German streams 
(Umweltbtiro Essen 2003), on which each river stretch 
has been assigned to a stream type. 
Biotic data 
Data on some 5,000 benthic invertebrate samples were 
compiled, roughly half of which were collected accord- 
ing to the standard DIN 38410 Teil 2 (DEV 1992), which 
includes an abundance stimation in seven abundance 
classes; for the other samples, data on individual num- 
bers were available, which are resulting either from esti- 
mation or (for approximately 15% of the samples) from 
counting. 
In a first step, the data were filtered with an "opera- 
tional taxa list" describing the level of identification 
usually achievable for > 1,000 benthic invertebrate axa 
occurring in Germany. For this filtering process, we 
used a preliminary version of the operational taxa list 
(HAASE & SUNDERMANN 2004). Taxa identified to a 
lower taxonomical level than defined in the "operational 
taxa list" were upgraded to the appropriate l vel. This 
was predominantly species level, but species group or 
genus level for taxa that cannot be safely identified in 
the larval stage (e.g. Rhithrogena, Isoperla), and 
genus/family for certain Diptera taxa (HAASE & SUN- 
DERMANN 2004). 
Abundance classes were converted into estimated 
numbers of specimens by using abundance class centres; 
correspondingly, taxa lists containing numbers of speci- 
mens were transferred into abundance classes by using 
the classification defined by ALF et al. (1992) (1 = 1,2 = 
2-20, 3 = 21-40, 4 -- 41-80, 5 = 81-160, 6 = 161-320, 7
= >320). As a result, each taxa list was available in two 
versions: (1) based on abundance classes and (2) based 
on the number of specimens. 
Even after these initial steps of harmonisation the data 
were still of very different quality, since they have been 
recorded for different purposes and were collected with 
different methods. Thus, a filter process was performed 
with the aim to select hose data with a sufficient quality 
to calculate the metrics specified below. The following 
filter criteria were applied: 
- Exclusion of sites with a catchment area < 10 km 2, to 
omit data from spring brooks, which should not be 
considered in assessment systems according to the 
Water Framework Directive. Only for those stream 
types, for which all near-natural reference sites were 
located in streams with a catchment < 10 km 2, the bor- 
derline was changed to 8 km 2. 
- Exclusion of samples with a Saprobic Index of poor or 
bad quality according to the stream type-specific sys- 
tems described by ROLAUFFS et al. (2003); thus, heav- 
ily polluted rivers were excluded from the analysis, 
since the study aims at developing an assessment sys- 
tem focussed on stressors other than organic pollu- 
tion. 
- Exclusion of samples taken with devices, which usu- 
ally not allow for sampling of a l l  habitats present at a 
site (Surber Samplers, Freeze-Core Samplers). Thus, 
only hand-net samples were included. 
- Exclusion of taxa lists with < 10 taxa or < 150 individ- 
uals, which are usually not sufficient to calculate most 
of the metrics described below. This procedure x- 
cluded taxa lists of a poor quality and also sites heavi- 
ly affected by organic pollution and acidification. 
In some cases with particularly large datasets we re- 
stricted the succeeding steps of data evaluation to taxa 
lists taken in one season, to limit variability caused by 
seasonal differences. Criteria for selecting the best suit- 
ed season were (1) data availability and (2) experiences 
from previous investigations concerning the number of 
identifiable taxa and the discriminatory power of metrics 
in a certain season (BOHMER et al. 2004a; LORENZ et al. 
2004b). For stream types, for which only few data are 
available or seasonal differences are weaker, data from 
all seasons were used. Consequently, we used spring 
data (March to May) for stream types 3, 4, 5, 14 and 16, 
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Table 1. Description of top-down stream types, number of benthic invertebrate samples available for each stream type, abiotic data types 
available for each stream type. Column "Ecoregion": According to ILLIES (1978); 4 = Alps, 8 = Western Mountains, 9 = Central Mountains, 14 = 
Central Lowlands. 
Stream type and Catchment size (km 2) Number of data sets Number of data sets Number of data sets 
Ecoregion land use hydromorphology hydromorphology 
(LAWA survey method) (AQEM site protocol) 
I: Alpine streams 
Ecoregion 4 10-I 0,000 - 58 
2: Streams in the alpine foothills 
Ecoregion 9 10-I,000 26 - 
3: Streams in the pleistocene sediments of the alpine foothills 
Ecoregion 9 10-I,000 19 - 
4: Large streams in the alpine foothills 
Ecoregion 9 > 1,000 40 16 
5: Small siliceous cobble-bottom streams in lower-mountainous areas 
Ecoregions 819 10-I00 138 65 
5.1: Small siliceous sandstone streams 
23 
Ecoregions 8/9 10-100 55 12 - 
6: Small loam/sand-bottom streams (dominated by fine sediments) in calcareous lower-mountainous areas 
Ecoregions 8/9 10-100 383 24 - 
7: Small cobble-bottom streams in calcareous lower-mountainous areas 
Ecoregions 8/9 10-100 352 21 - 
9: Mid-sized siliceous cobble/boulder bottom streams in lower-mountainous areas 
Ecoregions 8/9 100-1,000 125 65 26 
9.1: Mid-sized streams in calcareous lower-mountainous areas (different substrate) 
Ecoregions 8/9 100-1,000 306 45 - 
9.2: Large cobble/boulder bottom streams in lower-mountainous areas 
22 17 
Ecoregions 8/9 > 1,000 107 
11: Small streams with organic substrates 
Ecoregions 819114 10-I00 14 
12: Mid-sized streams with organic substrates 
Ecoregion 14 100-10,000 10 
14: Small sand-bottom streams in the lowlands 
Ecoregion 14 10-I00 27 
15: Mid-sized to large sand-bottom streams in the lowlands 
Ecoregion 14 100-I 0,000 120 
16: Small gravel-bottom streams in the lowlands 
Ecoregion 14 10-I00 21 
17: Mid-sized to large gravel-bottom streams in the lowlands 
Ecoregion 14 100-I 0,000 11 
19: Small streams in floodplains 
23 19 
Ecoregions 819114 10-I 00 150 52 - 
Sum 1,904 409 85 
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Table 2. Metrics tested with the fauna dataset. Metric type: ca = composition/abundance metrics; f = functional metrics; rd = richness/diver- 
sity metrics; st = sensitivity/tolerance metrics, ind = calculated with individual numbers; abd = calculated with abundance classes. More exten- 
sive explanations of the individual metric's nomenclature, nature and calculation methods can be found in BOHMER et al. (2004a) and HERING et 
al. (2004). 
Name of metric/metric type Metric type Reference 
Diversity Indices 
Diversity (Margalef Index) rd 
Diversity (Simpson-Index) rd 
Diversity (Shannon-Wiener-Index) rd 
Proportion of the community preferring a biocoenotical region 
Crenal (spring)[%] (ind) f 
Hypocrenal (spring-brook)[%](ind) f 
Epirhithral (upper-trout region) [%] (ind) f 
Metarhithral (lower-trout region) [%] (ind) f 
Hyporhithral (greyling region)[%] (ind) f 
Epipotamal (barbel region)[%] (ind) f 
Metapotamal (brass region)[%] (ind) f 
Hypopotamal (brackish water) [%](ind) f 
Littoral [%](ind) f 
Crenal total [%] (ind) f 
Rhithral total [%] (ind) f 
Potamal total [%] (ind) f 
Potamon-Typie-lndex (ind) st 
Rhithron-Typie-lndex (ind) st 
Proportion of the community with preference for a certain current 
limnobiont [%] (ind) f 
limnophile [%] (ind) f 
limno- to rheophile [%] (ind) f 
rheo- to limnophile [%] (ind) f 
rheophile [%] (ind) f 
rheophile [%] (abd) f 
rheobiont [%] (ind) f 
rheobiont [%] (abd) f 
indifferent [%] (ind) f 
indifferent [%] (abd) f 
Rheoindex according to BANNING (ind) f 
Rheoindex according to BANNING (abd) f 
Current preference index (modified Rheoindex) (ind) f 
Current preference index (modified Rheoindex) (abd) f 
Proportion of the community preferring a habitat 
Pelal [%] (ind) f 
Psammal [%](ind) f 
Akal [%] (ind) f 
Akal (abd)[%] f 
Lithal [%] (ind) f 
Lithal (abd)[%] f 
Phytal [%] (ind) f 
POM (particulate organic matter) [%] f 
Stone dwelling taxa .AHT 1" [%] 
Proportion of feeding types 
Grazers and scrapers [%] (ind) f 
Shredders [%] (ind) f 
Gatherers/Collectors [%] (ind) f 
Active filter feeders [%] (ind) f 
Passive filter feeders [%] (ind) f 
Predators [%] (ind) f 
RETI (Rhithron Feeding Type Index) (ind) f 
MARGALEF (1984) 
SIMPSON (1949) 
SHANNON &WEAVER (1949) 
MOOG et al. (1995); SCHMEDTJE & 
COLLING (1996); HERING eta[. (2004) 
BIss et al. (2002) 
SCHMEDTJE & COLLING (1996); 
HERING et al. (2004) 
-BANNING (1998) 
SCHMEDTJE & COLLING (1996); 
HERING et al. (2004) 
BRAUKMANN (1997) 
f MOOG et al. (1995); SCHMEDTJE & COLLING (1996); HERING et al. (2004) 
SCHWEDER (1992); PODRAZA et al. (2000) 
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Table 2. (Continued). 
Name of metric/metric type Metric type Reference 
Proportion of locomotion types 
(Semi)sessil [%1 (abd) f 
German Fauna Index 
German Fauna Index type 14 st 
German Fauna Index type 11 st 
German Fauna Indextype 15 st 
German Fauna Index type 5 st 
German Fauna Index type 9 st 
Percentage of taxonomic groups 
Gastropoda [%] ca 
Hirudinea [%] ca 
Crustacea [%] ca 
Plecoptera [%] ca 
Trichoptera [%] ca 
Coleoptera [%] ca 
EPT-Taxa [%] ca 
EPT [%] (abd) ca 
EPTCBO-Taxa [%] ca 
Taxa number of certain groups 
# Hirudinea rd 
# Crustacea rd 
# Ephemeroptera rd 
# Plecoptera rd 
# Trichoptera rd 
# Coleoptera rd 
# EPT-Taxa rd 
# Chironomidae rd 
# EPTCBO (Ephemeroptera, Plecoptera, Trichoptera, Coleoptera, rd 
Bivalvia, Odonata) 
Miscellaneous 
Benthosindex Rhithral and Potamal st 
Benthosindex Rhithral st 
Benthosindex Potamal st 
PSM-Index according to LIESS st 
Proportion of xenosaprobic taxa [%] (ind) st 
Proportion of xenosaprobic taxa [%] (abd) st 
Proportion of oligosaprobic taxa [%] (ind) st 
Proportion of oligosaprobic taxa I%1 (abd) st 
SCHMEDIJE & COLLING (1996); HERING et al. (2004) 
f LORENZ et al. (2004a) 
-•BIss et (2002) al. 
DESS et al. (2001) 
--~ZELINKA & MARVAN (1961); MOOG et al. (1995) 
summer data (June to August) for stream types 9 and 15, 
spring and summer data for stream type 5.1, and all data 
for the remaining stream types. 
These filter processes resulted in some 2,000 taxa 
lists. However, the number of data sets was very differ- 
ent between stream types and abiotic data were not 
available for all of them; the precise number of data sets 
used for the individual stream types is given in Table 1. 
With each taxa list several metrics were calculated 
(Table 2), using either the AQEM Software (HERING et 
al. 2004) or the database ASSESS (RAWER-JOST et al. 
2004). More extensive lists of metrics (BO~MEk et al. 
2004a; HERING et al. 2004) were restricted to those in- 
dices, which are not explicitly designed to detect organic 
pollution and to those, which could be calculated with 
the majority of samples avoiding e.g. metrics targeting 
groups, which are often not present in a sample (such as 
"number of Planipennia taxa"). Each metric was as- 
signed to a metric group, which were defined as "com- 
position/abundance m asures" (e.g. proportion of a tax- 
onomic group), "richness/diversity measures" (e.g. di- 
versity indices, number of taxa of a group), "sensitivi- 
ty/tolerance measures" (e.g. Fauna Indices, LORENZ et 
al. 2004b) and "functional measures" (e.g. proportion of 
Limnologica (2004) 34, 398-415 
404 D. Hering et al. 
a feeding type). Metrics, which are specifically designed 
for a certain stream type or stream type group, were only 
calculated for the stream types addressed (e.g. the "Ger- 
man Fauna Index Type 5", which should only be used to 
assess mall mountain streams; LORENZ et al. 2004b). In 
principal, all metrics were calculated with both taxa lists 
based on individual number and taxa lists based on 
abundance classes. However, further data evaluation 
was restricted to the results calculated with those types 
of taxa lists, which generally displayed highest correla- 
tion coefficients: mostly individual number, abundance 
classes or both in some cases. Separately counting the 
abundance class-based metrics and the individual num- 
ber-based metrics, we ended up with a total of 79 metrics 
(Table 2). 
The metric results were compiled in a separate 
database. 
Abiotic data 
Organic pollution is not targeted in this study; we fo- 
cussed on other types of degradation, which effects are 
more difficult o detect. To objectively describe the de- 
gree of degradation for the individual sampling site we 
collected ata on land-use in the catchment and on hy- 
dromorphology. 
Land use was derived from CORINE land cover data 
(Statistisches Bundesamt 1997). Using the digital river 
network of Germany the borders of each catchment were 
digitalised manually in Arc-View; the resulting poly- 
gons were displayed into the CORINE land cover sys- 
tem. The result was a table of CORINE land use types 
for each catchment. These steps were performed for 
1,730 sampling sites, for many of which more than one 
taxa list had been compiled. For further data evaluation 
the number of land use parameters was reduced with the 
goal to identify parameters best describing the degrada- 
tion of a site or catchment. As a general rule, the selected 
parameters must show a gradient in the data set. These 
parameters were identified by NMS analysis (Non-met- 
ric Multidimensional Scaling) performed with PCOrd 
4.2 (MCCuNE & MEFFORD 1999); individual analyses 
were performed for dataset representing roups of 
stream types. Bray-Curtis Index was used as a dissimi- 
larity measure. Proportions of land use coverage were 
arcus sinus square root-transformed according to the 
recommendation f PODANI (2000) and MCCUNE & 
MEFFORD (1999). Those land use parameters with a min- 
imal share or with a low variability within the data set 
(inter-quartile range < 5%) were omitted from the analy- 
sis. Those parameters best correlating to the ordination 
axes and thus best describing the variability within the 
data set were selected. 
In five out of 16 German Federal States (Mecklen- 
burg-Western Pomerania, Northrhine-Westphalia, Hesse, 
Rhineland-Palatinate, Bavaria) detailed hydromorpho- 
logical surveys have been performed. In each of 
these states a slightly different deviation of the survey 
method escribed by LAWA (2001; for detailed escrip- 
tion see also KAIL & HERING, in press) was used (in the 
following referred to as "LAWA survey method"). In 
general, the method is based on 29 hydromorphological 
parameters, ome of which can be subdivided further; 
they are recorded for each 100-metres-section of a 
stream. To select hydromorphological d ta of the sam- 
pling sites the Arc-View shapes resulting from the hy- 
dromorphological survey were merged with an Arc- 
View shape displaying the sampling sites. The hydro- 
morphological data of the 100-metres-section, n which 
the benthic invertebrate sample was taken, were used. 
The number of samples, for which hydromorphological 
data were available, is given in Table 1. Corresponding 
to the processing of land use data the hydromorphologi- 
cal parameters were further educed, by selecting those 
showing a clear gradient within the dataset. For hydro- 
morphological data sets representing groups of stream 
types NMS analyses were performed. No transformation 
was applied to hydromorphological survey data (binary 
and ordinal scale, only). For each stream type group, 
10-11 parameters best correlating to the ordination axes 
were selected. For stream type 1 only the values of the 
hydromorphological index according to LAWA (2001) 
were available, not the values of the individual parame- 
ters. Thus, data evaluation was restricted to the index 
values. 
For a small number of samples more precise hydro- 
morphological data, resulting from the AQEM site pro- 
tocol, were available. This protocol was recorded at the 
day of sampling for those of the samples, which have 
been taken by the authors in various projects. The 
AQEM site protocol covers >200 parameters on the 
sample-, site- and catchment levels (AQEM consortium 
2002; HERING et al. 2004). These parameters were re- 
duced with a procedure similar to that described for the 
other hydromorphological d ta set. For further details 
see FELD (2004). 
The numbers of biotic data sets, for which these three 
types of abiotic data have been compiled, are given in 
Table 1, broken down to stream type level. Since for 
some sites data sets on more than one benthic inverte- 
brate sample were available, the number of sites given in 
Tables 3-5 does not always correspond tothe number of 
samples given in Table 1. 
Correlation analyses 
Spearman Rank Correlation was performed with the se- 
lected hydromorphological/land use parameters a inde- 
pendent variables, and the metric results as dependent 
variables. In addition, the land use parameters selected 
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Table 3. Land use parameters howing the strongest gradient within the dataset (separately given for stream type groups), Data are based on 
NMS analysis of catchment land use data; Pearson correlation coefficients of parameters best correlating to the first and second NMS axes are 
given, n = number of data sets available for a stream type group, italics: correlation coefficient o the third axis (given if stronger than correla- 
tion coefficient with the second axis). 
Catchment land use Stream type numbers 
2and3 5and 5.1 9,9.1 and 9.2 14and 16 15and 17 
(n = 36) (n =420) (n = 240) (n = 91) (n = 101) 
1.1 (Urban areas) 
2.1 (Arable land) 
2.3 (Pasture) 
3.1 (Forest) 
I. Axis 
2. Axis 
I. Axis 
2. Axis 
I. Axis 
2. Axis 
I. Axis 
2. Axis 
-0.4 -0.45 0.23 -0.15 -0.23 
-0.4 0.37 -0,65 -0.23 -0.36 
-0.9 -0.48 0.89 0.48 0.61 
-0.2 0.83 -0.81 -0.8 -0.82 
0.16 -0.55 -0.82 -0.97 -0.89 
0.95 -0.74 0.47 0.18 -0.03 
0.71 0.88 -0.43 0.41 0.06 
-0.7 0.56 0.93 -0.92 -0.97 
Table 4. Mountain streams: hydromorphological parameters howing the strongest gradient within the dataset (separately given for stream 
type groups, based on the LAWA survey method). Data are based on NMS analysis of hydromorphological data; Pearson correlation coefficients 
of the parameters best correlated to the first and second NMS axes are given, n = number of data sets available for a stream type group. Italics: 
correlation coefficient o the third axis (given if stronger than correlation coefficient with the second axis). 
Hydromorphological parameters Stream type numbers 
5 and 5.1 6 and 7 9, 9.I and 9.2 
(n = I63) (n = 22) (n = 70) 
Planform 1. Axis -0.62 0.02 0.25 
2.Axis -0.10 0,67 -0,51 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bars 1. Axis 0.66 0.41 0.66 
2. Axis -0.11 -0,67 -0.39 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Features indicating natural channel dynamics 1.Axis 0.68 -0.21 0.51 
(e.g., woody debris, islands, widening) 2. Axis 0.05 -0,68 -0.42 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Depth variability 1. Axis 0.84 -0.34 0.79 
2. Axis -0.13 -0.79 -0.34 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Diagonal bars 1. Axis 0.79 0.04 
2. Axis -0.20 -0.76 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flow diversity 1. Axis 0.66 0.12 0.71 
2. Axis -0.22 -0.79 -0.30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section form: V-shaped 1. Axis -0.52 -0.33 
2. Axis 0.24 -0.63 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section depth 1. Axis -0.55 -0.12 -0.58 
2.Axis 0.17 0.56 0,41 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section width variability 1. Axis 0.69 0.22 0.42 
2. Axis -0.16 -0.84 -0.53 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substrate-diversity 1. Axis 0.79 -0.25 0.61 
2. Axis -0.12 -0.69 -0,54 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Channel-features (e.g., scour and backwater pools, 1. Axis 0.85 -0.39 0.86 
riffles, rapids, cascades) 2. Axis 0.00 -0.53 -0.44 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bank fixing: stones 1. Axis -0.15 
2. Axis -0.60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bank features (e.g., woody debris, cutbanks) 1. Axis 0.84 0.02 0,51 
2. Axis -0.20 -0.75 -0.68 
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Table 5. Lowland streams: hydromorphological parameters howing the strongest gradient within the dataset (separately given for stream 
type groups, based on the LAWA survey method). Data are based on NMS analysis of hydromorphological data; Pearson correlation coefficients 
of the parameters best correlating to the first and second NMS axes are given, n = number of data sets available for a stream type group. 
Hydromorphological parameters Stream type numbers 
11 and 19 12, 15 and 17 14 and 16 
(n = 21) (n = 29) (n = 15) 
Non-urban stream course I. Axis 0.90 
2. Axis -0.17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Planform I. Axis 0.58 -0.29 -0.74 
2. Axis 0.09 -0.54 -0.59 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bars I. Axis -0.46 0.81 
2.Axis -0.61 0.51 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Features indicating natural channel dynamics I. Axis -0.70 -0.09 0.82 
(e.g., woody debris, islands, widening) 2. Axis -0.50 0.82 0.84 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stagnation 1. Axis 0.26 
2.Axis 0.53 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Diagonal bars 1. Axis 0.78 
2. Axis 0.68 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Artificial barriers limiting continuity of flow, sediment 1. Axis -0.62 
transport and migration for biota (e.g., weirs) 2. Axis -0.03 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flow diversity 1. Axis -0.01 0.44 
2.Axis 0.76 0.73 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section form: V-shaped I. Axis 0.73 0.23 -0.81 
2. Axis -0.02 -0.53 -0.38 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section depth I. Axis -0,51 
2. Axis -0.47 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cross-section width variability 1.Axis 0.71 
2. Axis 0.84 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bed-fixing: stones I. Axis -0.73 
2.Axis -0.28 
S u bst rate-dive rsity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. Axis -0 57 0.28 0.72 
2. Axis -0.40 0.71 0.74 
Cha nne/-feat u res (~g.~ scour and back-wa)erpo0/s~ . . . . .  1-.Axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0 05 0 25 0.76 
riffles, rapids, cascades) 2. Axis -0.54 0.89 0.89 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Riparian vegetation 1. Axis -0.60 0.91 
2. Axis -0.20 -0.09 
i-paria n vegetation- ban I< f-ixin g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I. Axis 0.39 
2. Axis -0.64 
a nl~ f]xing:sto-nes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.Axis 0.64 
2.Axis 0.06 
a nl( f-eatures (-e_g-. ,wo o@cle-6 is,-cutl~an-ks) . . . . . . . . . .  I-. Axi-s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.66 0 08 
2. Axis 0.73 0.90 
were combined to a "land use index", which was used as 
independent variable, too. The land use index is calculat- 
ed as 
NI = 4x urban areas (km 2) + 2x agricultural areas 
(km 2) + pastures (km2), 
implying that land use intensity increases from pastures 
to urban areas. The higher the value, the stronger is the in- 
fluence of urban and agricultural land use at a given site. 
In total, the results of 79 metrics were correlated with 
the share of four land use types, the land use index, up to 
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11 hydromorphological parameters, and up to nine 
AQEM site protocol parameters. These correlation anal- 
yses were separately performed for each of the 18 stream 
types addressed, leading to some 20,000 correlation re- 
sults. 
An overview of metrics best correlating with land-use 
parameters in the individual stream types was compiled. 
For each metric group (composition/abundance, ri h-
ness/diversity, sensitivity/tolerance, functional) those 
three metrics best correlating with a land use parameter 
were selected. The same procedure was performed for 
the correlation coefficients of metrics and hydromorpho- 
logical data. 
Selection of potential core metrics 
The 18 stream types addressed were roughly classified 
into the following "stream type groups": Alpine streams 
(stream type 1), pre-alpine streams (stream types 2-4), 
small mountain streams (stream types 5-7), mid-sized 
mountainous streams (stream types 9, 9.1,9.2), lowland 
streams with organic substrates ( tream types 11 and 
12), lowland streams with inorganic substrates ( tream 
types 14-19). 
We aimed for comparability of assessment metrics 
within each stream type group. Thus, we selected met- 
rics, which are among those best correlating to a land use 
or hydromorphological p rameter in most stream types 
of a group. At least one metric per metric group (compo- 
sition/abundance, richness/diversity, sensitivity/toler- 
ance, functions) was selected per stream type/stream 
type group. 
Results 
Land use and hydromorphological parameters 
In most stream type groups tested the same four land use 
parameters show a clear gradient within the dataset: 
share of forest, share of arable land, share of pasture, 
share of built-up areas (urban zones) (Table 3). Thus, 
these four parameters were used as independent vari- 
ables for all correlation analyses. In addition, a land use 
index combining these four parameters was used. 
Different hydromorphological parameters of the 
LAWA survey method were selected for mountain and 
lowland streams. Within the mountain stream type groups 
the parameters best describing hydromorphological gra- 
dients are almost similar and cover parameters of the 
stream bed, the banks and the floodplain (Table 4). Within 
the lowland stream type groups parameters best describ- 
ing the hydromorphological gradient are more variable 
(Table 5). The parameters li ted in Tables 4 and 5 were se- 
lected as independent variables for correlation analysis. 
AQEM site protocol data were only available for a 
sufficient number of data sets for analysis in four stream 
types (5, 9, 14 and 15). Many of the AQEM site protocol 
parameters best describing the hydromorphological gra- 
dient (Table 6) are dealing with the riparian vegetation 
and the standing stock of woody debris. 
Metrics correlating with land use parameters 
In Table 7, the metrics best correlating with land use pa- 
rameters in the individual stream types are listed. Only 
significant correlations (p < 0.05) are given. Out of the 
Table 6. AQEM site protocol: hydromorphological parameters 
showing the strongest gradient within the dataset. Data are based on 
NMS analysis of hydromorphological data; Pearson correlation coeffi- 
cients of the parameters best correlating to the first and second NMS 
axes are given, n = number of data sets available for a stream type 
group. 
Hydromorphological 
parameters 
Stream type numbers 
5 9 14and 15 
(n = 57) (n =40) (n = 77) 
Removal of 1.Axis -0,00 
woody debris 2. Axis -0.74 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shading [%] 1.Axis -0.09 -0.54 -0.75 
2.Axis 0.66 -0.03 0.12 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# debris dams 1. Axis 0.04 -0.65 -0.54 
2. Axis 0.64 -0.06 0.44 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# logs 1.Axis -0.14 -0.56 -0.70 
ZAxis 0.50 0.13 0.59 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No bank fixation 1. Axis 0.14 -0,73 
[%] 2. Axis 0.82 O. 16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bank fixation 1. Axis 0.33 
concrete [%] 2.Axis 0.50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deep cutting 1. Axis -0.45 
2.Axis -0.81 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Source pollution 1. Axis -0.23 
2.Axis -0.75 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Xylal [%] 1. Axis 0,03 -0.76 
2.Axis 0.65 0.09 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FPOM [%] 1. Axis 0.11 -0.36 
2. Axis 0.39 -0.33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Presence of lakes 1. Axis 0.55 
2. Axis 0.65 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CPOM [%] 1,Axis -0.50 -0.57 
2. Axis -0.11 -0.03 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# organic 1. Axis -0.58 
substrates 2. Axis 0.17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dams downstream 1. Axis 0.60 
2.Axis &07 
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Table 7. Overview of metrics best correlated with land use parameters in the individual stream types (Spearman correlation coefficients). 
Explanations: Columns "lu":for each metric group (composition/abundance, richness/diversity, sensitivity/tolerance, functions) the correlation coefficients of those 
three metrics best correlating to a land use parameter are given. Columns "hy": for each metric group the correlation coefficients of those three metrics best corre- 
lating to a hydromorphological parameter are given. Columns "aq": for each metric group the correlation coefficients of those three metrics best correlating to an 
AQEM site protocol parameter are given. Only significant correlations are given (p < 0.05). 
In exceptional cases (if two metrics correlate to a parameter almost equally) the correlation coefficients of four instead of three metrics are given. 
Stream type h ly 2 3 4 4 5 5 5 5,1 5,1 6 6 7 7 
independent variable lu lu lu hy lu hy aq lu hy lu hy lu hy 
EPT[%J(abd) I 0.27 0.45 0.75 0.28 0.62 0.65 0.54 0.75 
Plecoptera [%] (ind.) 0.82 0.44 0.73 0.68 0.61 0.47 0.52 0.59 0,81 
Crustacea [%] (ind.) 0 6 0.5 0.75 0.44 
E PTCBO-Taxa [%] (ind.) 0135 0.62 
Trichoptera [%] (ind.) 0.67 
Hirudinea [%](ind.) 0.64 0.82 0.61 0.55 0.25 0.44 
Ephemeroptera [%](ind.) 0.73 0.28 0.29 0.66 0,69 
Co[eoptera [%](ind.) 0.56 0.26 
0.50 
0.42 
0.46 
0.5 
0.38 
0.46 
# EPTCBO 
# EPT-Taxa 
Shannon-Wiener-index 
# Crustacea 
# Trichoptera 
Simpson-Index 
# Hirudinea 
# Ephemeroptera 
Margalef Index 
# Coleoptera 
Rhithron-Typie-lndex 
Benthosindex Rhith. & Pot. 
Benthosindex Rhithral 
PSM-Index acc. to Liess 
Oligosaprobic taxa [%] (abd) 
German Fauna index type 15 
Oligosaprobic taxa [%] (ind.) 
German Fauna index type 14 
Xenosaprobic taxa [%] (ind.) 
German Fauna Index type 5 
German Fauna Index type 9 
Benthosindex Potamal 
German Fauna Index type 11 
C rena[ total [%] (ind.) 
Rheoindex (abd) 
Hypocrenal [%] (ind.) 
Metarhithral [%] (ind.) 
Metapotamal [%] (ind.) 
Current preference index (abd) 
Hyporhithra] [%] (ind.) 
Epipotamal [%] (ind.) 
Rheobiont [%] (ind.) 
Indifferent current [%] (abd) 
Akal [%] (ind.) 
RETI (ind) 
Potamal total [%] (ind.) 
Rheo- to limnophile [%] (ind.) 
Rheobiont [%] (abd) 
Grazers and soapers [%] (ind.) 
Gatherers/Collect. [%] (ind.) 
Rhithral total [%] (ind.) 
Indifferent current [%] (ind.) 
Rheoindex (ind) 
Lithal (abd) 
POM [%] (ind.) 
Stone dwelling taxa "AHT I" 
Shredders [%] (ind.) 
Hypothamal [%] (ind.) 
Littoral [%] (ind.) 
Limno- to rheophile [%] (ind.) 
Rheo- to limnophile [%] (abd) 
Psammal [%] (ind,) 
Passive filter feeders [%] 
Predators [%] (ind.) 
0.65 
0.66 
0.7 
0.6 
0.44 0.35 0.74 0.58 
0.72 0.34 0.58 
0.52 0.74 0.55 
0.73 
0.36 
0.56 0.74 
0.86 0,7 0.54 
0.7 
0.38 
0.7 
0.68 
0.82 0.82 
0.5 0,86 
0.80 0.5 0.74 
0.78 0.84 
0.76 
0.5 
0.52 
0.52 
0.79 
0.74 0.49 
0.75 
0.81 
0.59 
0.82 
0.82 
0.83 
0.42 
0.8 
0.73 
0,54 
0.86 
0.72 
0.46 
0.57 0.62 
0.65 0.48 0.57 
0.54 0,57 0.56 0.83 
0.64 0.79 
0.39 0.69 
0.58 0.61 0.52 
0.59 0.45 
0.5 
0.57 0.47 
0.48 0.79 0.69 
0.4 0.83 0.47 
0.57 
0.59 0.36 0.6 
0.6 0.81 
0.63 
0.44 0.57 
0.81 
0.4 
0.33 
0.61 
0.79 
0.75 
0.73 
0.67 
0.47 
Table 7. (Continued) 
9 9 9 9,1 9,1 9,2 11 12 14 14 14 15 15 15 16 17 19 19 
lu hy aq lu hy lu lu lu lu hy aq lu hy aq lu lu lu hy 
0.77 0.57 
0.45 
0.39 0.63 
0.75 
0.32 0.5 0.73 
0.42 0.47 0.76 
0.38 
0.78 
0.5 0.57 
0.49 0.48 
0.51 0.43 
0.69 
0.6 
0.74 
0.62 
0.87 0.8 
0.5 0.6 0.6 0.72 
0,3 0.55 0.56 0.31 0.73 
0,62 0.35 0.51 
0.37 0,47 0.83 0,8 0.4 
0.4 0.39 0.41 
0.41 0.58 
0.46 0.49 0.46 
0.42 
0.48 
0.46 
0.42 
0.76 
0.57 0.5 0.51 0.63 
0.58 0.51 0.44 
0.59 0.69 0.51 
0.61 0.61 0.57 
0.46 0.87 0.85 
0.58 0.56 0.63 0.38 0 .65 0.67 
0.43 0.69 0.53 
0.39 
0.4 
0.5 
0.63 0.55 0.61 
I~ l~ l  l~l i~ I ~ ~ I~ ~ ~ ~ i ~ ii  ¸ ¸~ ~ ~ l i  ~ ~ I i~i~ ~ ~ i i~ i  ~ ~ ~ ~I ~ ~I ~ ~ i~ - I~ I  l~I~ ~i ~ ~ i i  ®i ~-  .... 
0,51 0.36 
0,51 0.66 0.43 
0.48 0.63 0.61 
0.69 0.44 0.73 
0.48 0.24 
0.68 0.69 
0.63 0.63 
0.77 
0.71 
0.63 
0.66 0.51 
0.62 
0.58 0 .66 0.63 
0.43 
0,56 
0.49 
0.54 
0.57 
0.4 
0.54 
0.58 
0.57 
0.48 
0.39 
0.62 0.86 
0.82 
0.8 
0.92 
0,66 
0.9 
0.9 
0.93 
0.92 
0.9 
0.91 
0.43 
0.29 
0.43 
0.61 0.37 
0.65 0.7 0.35 0.6 
0.97 
0.61 
0.69 0.72 
0.78 0.77 0.57 0.82 0.78 
0.67 0.52 
0.71 0.83 0.72 0 .74 0.35 
0.49 
0.59 0.59 
0.63 
0.72 
0.64 
0.57 
0.43 
0.57 
0.59 
0.63 
0.6 
0.57 
0,74 0 .58 0.57 0.62 
0.8 
0.76 0.62 
0.73 
0.6 
0.8 0.54 
0.8 0.7 
0.66 0.89 
0.45 
0.75 0.7 
0,73 
0.6 
0.55 
0.58 
0.73 0.61 
0.5 
0.77 
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79 metrics tested 65 were among those best correlating 
to a land use parameter in at least one stream type. 
Of the eight composition/abundance metrics tested 
the proportion of Ephemeroptera, Plecoptera nd Tri- 
choptera (EPT [%]) is among the three best performing 
metrics in 11 out of 17 stream types. In the remaining 
seven stream types this metric has also comparatively 
high correlation coefficients with land use parameters. 
The proportion of Plecoptera is highly correlated with 
land use in all pre-alpine streams and small mountainous 
streams, but not in the larger mountain streams and in 
the lowlands, where it is only performing well in the 
small organic streams (type 11) and the mid-sized gravel 
bottom streams (type 17). In contrast, he proportion of 
Trichoptera is particularly well correlating to land use 
parameters in lowland streams and mid-sized mountain- 
ous rivers, but not in small mountain streams. Thus, the 
metrics "Plecoptera [%]" and "Trichoptera [%]" supple- 
ment each other in different stream type groups. 
Eleven richness/diversity metrics were tested, among 
which the number of Plecoptera taxa (# Plecoptera) is 
one of the three best performing metrics in 11 stream 
types, followed by the number of EPTCBO-Taxa 
(Ephemeroptera, Plecoptera, Trichoptera, Coleoptera, 
Bivalvia and Odonata). Among the classical diversity in- 
dices, the Shannon-Wiener-Index correlates most often 
strongly to land use parameters (five times among the 
best hree, always among the best five). 
The sensitivity/tolerance metrics can roughly be 
grouped in those performing in a comparable way in al- 
most all stream types and those specifically designed for 
a certain group of stream types. Among the first, the 
Rhithron-Typie-Index is among the best fitting in half of 
the stream types, the proportion of xenosaprobic taxa in 
four stream types. The German Fauna Indices, repre- 
senting the latter group, are usually poorly correlated 
with land use parameters. 
Among the functional metrics mainly longitudinal 
zonation measures and current preference measures cor- 
relate best. Comparative to the Rhithron-Typie-Index 
the "Rheoindex according to BANNING" (BANNING 1998) 
is generally applicable in streams of different ecoregions 
and sizes, while the proportion of taxa preferring the cre- 
nal/epirhithral is mainly applicable in smaller streams 
and the proportion of metarhithral preferring taxa main- 
ly in mid-sized streams. Thus, the community of a mid- 
sized stream seems to integrate the situation of the tribu- 
taries (which mainly represent the metarhithral), while 
the community of a small stream integrates over the 
epirhithral tributaries. The proportion of feeding types is 
more often a useful parameter in lowland streams as 
compared to mountain streams. 
For stream types 2 and 3 (pre-alpine streams) metrics 
most often correlate best to the share of arable land; out 
of the 38 best performing correlations 21 are correla- 
tions between ametric and the share of arable land. The 
share of forest describes the metric distribution best in 
most of the small mountainous streams (types 5, 5.1 and 
7; 19 out of the best 36 correlations); the only exception 
is type 6 (small loam/sand bottom streams), where the 
share of arable land is more important (9 out of 12 corre- 
lations). Urban areas (11 out of 36 correlations) and for- 
est (17 out of 36 correlations) are most important in the 
mid-sized mountain streams. In the lowland streams the 
metrics correlate best with urban areas (49 out of 89 cor- 
relations) and forest (22 out of 89). 
Metrics correlating with hydromorphological 
parameters (LAWA survey method 
and AQEM site protocol parameters) 
A sufficient number of hydromorphological data was 
available for 11 out of the 18 stream types addressed 
(LAWA survey method) and four stream types (AQEM 
site protocol), respectively. In principle, the same set of 
metrics correlating to the land use parameters can be 
used to assess hydromorphological degradation; howev- 
er there are several differences indetails (Table 7). 
EPT [%] and Plecoptera [%] are the composition/ 
abundance metrics usually best correlating to hydromor- 
phological parameters (LAWA survey method). Except 
the alpine and pre-alpine stream types 1 and 4 the pro- 
portion of EPT is always among the three metrics best 
correlating with hydromorphological stress. In contrast 
to the land use parameters, the proportion of Ephemer- 
optera correlates well to hydromorphological parame- 
ters in most small mountain stream types. The results of 
correlations with the more detailed AQEM site protocol 
parameters are similar: the proportion of EPT is always 
among the metrics that best correlate with the AQEM 
site protocol data. In three out of four stream types this is 
also the case for the proportion of Plecoptera. 
Among the richness/diversity metrics the number of 
Plecoptera taxa generally correlates trongly to hydro- 
morphological parameters (LAWA survey method); 
again, the alpine and pre-alpine stream types 1 and 4, in 
which the number of Plecoptera taxa is high also in hy- 
dromorphologically degraded section, are exceptions. 
The Shannon-Wiener Index is well correlated to hydro- 
morphological parameters (always among the best five 
richness/diversity metrics); it almost always performs 
better than the Margalef and Simpson Indices. The cor- 
relation analyses with the more detailed AQEM site pro- 
tocol parameters confirm the suitability of the metrics 
"number of EPT" taxa and "number of EPTCBO" taxa, 
which are among the best three metrics in three out of 
four stream types. 
For the parameters of the LAWA survey method, the 
correlation pattern of the sensitivity/tolerance m trics is 
less homogeneous, compared to the correlation matrix 
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with land use. The Rhithron-Typie-Index is less often 
among the best correlating metrics (four out of 11 stream 
types), while the German Fauna Indices generally per- 
form better. In the small mountain stream types the pro- 
portion of xenosaprobic taxa is always well correlating, 
but never among the three best correlating indices. Util- 
ising the AQEM site protocol parameters, which are 
only available for a small but high quality data set, the 
suitability of the German Fauna Indices is confirmed. 
The German Fauna Index designed for a certain stream 
type is always among the three best performing sensitiv- 
ity/tolerance metrics. 
Similar to the land use evaluation, the best correlating 
functional metrics show a scattered istribution con- 
cerning the correlation with parameters of the LAWA 
survey method. Longitudinal zonation measures per- 
form the best. Also for the AQEM site protocol parame- 
ters, longitudinal zonation measures and current prefer- 
ence measures are usually well correlated to hydromor- 
phological parameters. 
Table 8. Candidate metrics for the module "general degradation" for the German stream assessment system with benthic invertebrates. 
Stream types 
Composition/abundance metrics 
.~J 
~ o 
o .s 
~ ~ :~ ~ o= 
1 2-4 5-7 9-9.2 11-12 14-19 
EPT [%] (abd) 
(ind,) 
Plecoptera [%] (ind.) ro l l  m 
m 
Richness/diversity metrics 
# Plecoptera 
~tera  
# EPT-Taxa 
Margalef Index 
Shannon-Wiener-lndex 
/ / / /  
m m m m  
~lto le rance  metrics 
German Fauna Index type 5 
German Fauna Index type 9 
German Fauna Index type 11 
German Fauna Index ty2e 14 
German Fauna Index type 15 
Benthosindex Rhith. & Pot. 
~ ie - lndex  
~rob ic  taxa [%] (abd) 
Xenosaprobic taxa [%] (ind) 
Xenosaprobic taxa [%] (abd) 
Functional metrics 
~irhithral [%] (ind) 
Metarhithral [%] (ind) 
Littoral [%] (ind) 
Rheobiont [%] (abd) 
Rheoindex (ind) 
Rheoindex (abd) 
Akal I%] (ind) 
Lithal (abd) 
POM [%] find) 
Stone dwelling_taxa "AHT 1" 
Grazers and scrapers [%] (ind) 
[%] (ind) 
GathererslCollect. [%] (ind) 
RETI (ind) 
IZZZZZZ    
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The hydromorphological p rameters (LAWA survey 
method) to which metrics best correlate are different be- 
tween stream types. For the pre-alpine stream type 4 the 
metrics mainly react on the hydromorphological p ram- 
eter "features indicating natural channel dynamics" (11 
out of the 12 best correlations). For small mountain 
streams the parameter "cross-section width variability" 
is best describing the distribution of metric results (16 
out of the 48 best correlations), followed by "substrate 
diversity" (11 out of 48 correlations). "Cross-section 
width variability" is also most important for medium- 
sized mountain streams (11 out of the 25 best correla- 
tions), while in lowland streams the parameters "fea- 
tures indicating natural channel dynamics" (nine out of 
the 36 best correlations) and "substrate diversity" (seven 
out of the 25 best correlations) are most important. 
Discussion 
Methodological aspects 
The described procedure includes several elements of 
uncertainty, which are caused in the dataset and in the 
prepositions ofthis study; they must be regarded for data 
interpretation. The most important elements of uncer- 
tainty are: (1) the assignment of the sites to "stream 
types"; (2) different quality of the macroinvertebrate 
data sets; (3) the stressor gradient within the dataset. 
The assignment of the individual sites to "stream 
types" was based on the "map of German stream types" 
(Umweltbtiro Essen 2003), which was compiled using a 
top-down procedure and which is mainly based on pa- 
rameters uch as ecoregion, catchment size, catchment 
geology, valley slope and altitude. However, it has not 
been proven for each individual site if the fauna is really 
those of e.g. a "type 16" stream. A recent esting of the 
top-down typology (LORENZ et al. 2004a) gives evidence 
that the invertebrate fauna of most stream types can be 
discriminated under near-natural conditions. There are, 
however, a few exceptions: the pre-alpine streams (types 
2 and 3) can hardly be distinguished from small moun- 
tain streams (presumably due to an insufficient data 
source); the small owland streams (types 14, 16 and 19) 
are likely to have different benthic invertebrate commu- 
nities, but many of the near-natural reference sites used 
by LORENZ et al. (2004a) have not correctly been as- 
signed to a stream type. Likely, this weakness affects 
this study, too. 
Despite the filter process applied, the macroinverte- 
brate data are still of a very different quality, particularly 
since many of them have been recorded using abundance 
classes instead of individual numbers. This may strongly 
affect the strength of the correlations; LORENZ et al. 
(2004a) and Moo6 et al. (2004) found a far better dis- 
crimination of stream types when using a small data set 
recorded with a harmonised method compared to a data 
set comprising taxa lists of different origin. The value of 
data taken with a harmonised method for the develop- 
ment of assessment systems has been stressed by various 
authors (e.g., HERIN6 et al. 2004; OFENB0CK et al. 2004). 
This is also underlined by our results: the correlation co- 
efficients of metrics with AQEM site protocol parame- 
ters are usually higher compared to correlations with hy- 
dromorphological parameters (LAWA survey method); 
this is likely not an effect of the type of abiotic parame- 
ters, but an effect of data quality, since all samples, for 
which AQEM site protocol parameters are available, 
have been taken with a harmonised sampling method. 
The selection of abiotic parameters, which acted as 
independent variables, considered the presence of a gra- 
dient within the dataset. However, particularly for small 
data sets, the data may only represent a small part of the 
possible gradient in hydromorphology and land use, 
since near natural reference sites and/or heavily degrad- 
ed sites do not exist for many stream types. This may 
also restrict the strength of correlations. 
Selection of candidate metrics 
Besides testing the general suitability of different metric 
types to detect stressors other than organic pollution and 
acidification, the main aim of this paper is to select can- 
didate metrics for a future benthic invertebrate-based as- 
sessment system for streams in Germany. The most im- 
portant criterion for a metric to be suited as a candidate 
metric is its correlation to stressors, either land use in the 
catchment ordegradation fhydromorphology. Howev- 
er, there are some other criteria, which are less well 
founded on scientific results, but reflect he needs of ap- 
plied water management: 
- The EU Water Framework Directive demands for a 
stream type-specific assessment system. However, 
quite similar stream types should be assessed with a 
comparable set of metrics. Thus, we aimed for a com- 
parable list of candidate metrics for each group of 
stream types. 
- To cover the formal requirements of the Water Frame- 
work Directive and to assess the functionality of the 
stream biota, at least one metric per metric group 
(composition/abundance, richness/diversity, sensitivi- 
ty/tolerance, functions) should be selected. For the 
functional metrics, more than one metric should be re- 
garded, since they cover very different aspects of 
stream communities. For the final assessment system 
we strive for at least one metric of the groups compo- 
sition/abundance, richness/diversity and sensitivity/ 
tolerance, and 2-3 functional metrics. 
- In total, the selected metrics should react on both 
catchment land use and degradation of hydromor- 
phology, thus acting on different scales. 
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- For the assessment system it is crucial that the finally 
selected metric combination correlates to fiver degra- 
dation, which is not necessarily the case if those met- 
rics with the highest correlation coefficients are se- 
lected. Thus, more than those 5-6 metrics, which 
should be part of the assessment system, were select- 
ed, to have some options for the development of the 
multimetric ndex. 
- Metrics of different metric types but addressing the 
same organism group (e.g. "Ephemeroptera [%]" as 
composition/abundance m tric and "# Ephemer- 
optera" as richness/diversity metric) should not si- 
multaneously been included. 
Taking these prepositions and the correlation matrix 
(Table 7) into account, we produced the list of candidate 
metrics given in Table 8. The selection has some subjec- 
tive elements, but is in general well justified: 
-Composition/abundance metrics: For mid sized 
mountain streams and lowland streams we restricted 
candidate metrics to "EPT [%] (abd)", which is by far 
best correlated to land use and hydromorphological 
parameters. For small mountain streams "Plecoptera 
[%]" received priority, since it is among the best per- 
forming metrics in all four stream types of this group. 
"Crustacea [%]" was the only metric that correlated 
well to the hydromorphological index in the alpine 
stream type 1; for the pre-alpine stream types, which 
are intermediate between alpine and small mountain 
streams, both metrics "Crustacea [%]" and "Ple- 
coptera [%]" were selected. 
- Richness/diversity metrics: Some metrics correlating 
well with the stress were not regarded, since they 
overlap with composition/abundance metrics already 
selected (e.g., "# Plecoptera" for small mountain 
streams, since "Plecoptera [%]" is already among the 
candidate metrics). The Shannon-Wiener-Index 
proofed to be universally applicable and was, thus, se- 
lected for all stream types. For the alpine streams, 
where the abiotic data source was limited, a number 
of additional metrics was selected; for the lowland 
stream types the metrics "# Plecoptera" and "# Tri- 
choptera" were added, which proofed their suitability 
also in other investigations (LORENZ et al. 2004b). 
- Sensitivity/tolerance m trics: Particularly in the low- 
land stream types the "German Fauna Indices" are al- 
ways among the metrics correlating best. Since they 
are specifically designed for certain stream type 
groups (LORENZ et al. 2004b) we restricted the selec- 
tion to those stream types they are addressing; only 
the "German Fauna Index type 5" was extended to the 
quite similar alpine and pre-alpine streams. As an al- 
ternative to these stream type-specific metrics we se- 
lected a number of more generally applicable indices, 
performing particularly well in small mountain 
streams and pre-alpine streams. 
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- Functional metrics: Due to the larger number of met- 
rics, the resulting pattern is less homogeneous. For 
alpine streams imply the three best correlating met- 
rics were selected. For pre-alpine streams we neglect- 
ed some well correlating zonation measures (Epi- and 
Metapotamal), since the stream types generally repre- 
sent small streams. For small mountain streams 
"Epirhithral [%]" got preference and the other zona- 
tion measures were neglected, to gain comparability 
with the alpine and pre-alpine streams. For mid sized 
mountain streams the zonation measure "Metarhithral 
[%]" was selected, though other metrics correlated 
slightly better, since the Metarhithral preferring taxa 
may integrate best about the catchment of mid-sized 
streams. For lowland streams a comparatively arge 
number of feeding type metrics and habitat preference 
metrics was selected, since local degradation often 
leads to alterations of habitat structure and food 
sources. 
The list of candidate metrics was subject o further 
testing of alternatives leading to the development of a 
multimetric assessment system, which is described in 
detail by BOHMER et al. (2004b). 
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